This paper examines the transformation of the Chinese grain production during the process of modernization after the economic reform/open door policy, especially focusing on the unshakable position that rice production has historically occupied in China. The first section illustrates how food crops decreased in Chinese agriculture in the period of 1985-2001. Furthermore, the rice production in the south stagnated or decreased, while it gradually became more important in northern China. The second section shows the pattern of local rice production in the Northeast, within northern China, and how a new rice frontier emerged in the north of Heilongjiang Province and the west of Jilin Province (both of which are cold and dry areas with alkaline soil). The third section is devoted to a case study of the rice frontier in the Northeast, which deals with the role of rice production and how production was either supported or restricted. We come to the hypothesis, as a conclusion, that development of the rice production in the Northeast did not only mean an actual increase in Japonica type of rice (high quality rice), but it also had an impact on the situation in the southern rice-growing areas. This might amount to a challenge to the South imposed by the North in the near future
Introduction
When the Chinese open door policy started in 1978, a quarter-century after World War II when reforms of the socialist economic system were initiated, this had enormous historical re percussions on traditional society. Rapid eco nomic development was generated by privati zation, industrialization, the trend from rural to urban areas-urbanization-as well as commer cialization. Brown (1995) attracts our attention to the fact that we may face serious food and environ mental problems if a densely populated society becomes more industrialized, and warns us that 'if China emerges as a food-importing nation, this may be unsustainable for the global popu lation and environment. ' Fortunately, this is not the case yet. However, the fact that the Chinese government upgraded the Land Con trol Office to the Ministry of Country Re sources, illustrates that supply and demand of food, water supply and environmental prob lems are important subjects on the political agenda.
Of course, food and environmental problems are not problems of China alone, but big issues of the entire world. We can therefore say that research of trends in China is part of a worldwide study in this respect.
One of the objectives of this study is to show how, in a modernizing China, social changes arise from the way land is used and what the implications for the future are. The term 'land use' refers to the relationship between human beings and nature, and how an ecological sys tem affects a developing social system. Re search on land use is extremely meaningful for modern China as various problems such as the demand and supply of food, distribution of re sources, regional income disparity or environ mental problems all closely relate to land use system. A sufficient understanding in land use enables us to solve some of the problems men tioned above. The study deserving particular attention is the LUCC (Land Use/Cover Change) Programme. ' There is already abundant research on the change in land use/cover after the economic re forms in China: Huang, Rozelle, and Resegrant (1999) state that China's socioeconomic forces have been exerting a very different influence on rice, wheat and maize since 1980. And Ying (1999) shows how the regional disparities be tween the coast and the interior have become more significant than the traditional North -South inequality in the Chinese economy. Zhang (2000) considered the background of great changes in the food production in China and its distribution in the past 50 years. He said that such changes in food production brought about comparatively low benefits, while differ ences in the market and transportation were other contributory factors. Motoki and Bilale din (2003) examined when and how economic reforms and the market economy influenced the peripheral regions, Ghulja County of Xin jiang Uighur Autonomous Region is used as a concrete case study; this region shows not only a reorganization of the farming system but also dangerous effects on the natural balance of the environment. Lindert (1999) shows that China's average quality of agricultural topsoil has probably not declined and the spread of cities and other non-agricultural land uses have indeed taken land away from agriculture since the 1930s. This is what emerges from studies on natural conditions. Rozelle, Veeck, and Huang (1997) , for example, hypothesized that environmental degradation has had a major effect on grain production in many of China's agricultural areas. Cai (1998) pointed out that the most urgent problem in land-degraded re gions is securing resources for basic living. 0 tsubo (2002) questioned sustainable land use in China: "Although crop production can be in creased by improving temperature, water, and soil conditions and agricultural technology, we must keep in mind that many environmental problems might result from these activities" in the future. Meanwhile, conventional agricul ture is facing serious resource and environ mental problems in China as Wen and Pimentel (1992) have pointed out. The case study by Muldavin (1997) shows that all green-manure cropping ended one year after the implementa tion of reforms in Zhaozhou County (Heilomgji ang Province) as these crops were replaced with cash crops, resulting in a 50 percent decline in green-manure area.
On this topic, Zhang and Makehan (1992) point out that the information obtained in this study is limited.
The details of the current situation are not based on chronological data. Bito (2000) also elaborates on the fact that a number of research models are not sufficiently grounded in actual conditions and that there fore further research with empirical knowledge on sub-models is required.
The writer would like to point out two funda mental problems in previous research:
First the view-point that production of cere als for food as direct consumption will decrease, while cereals for feed and thus producing meat will increase (examples: Nakaya and Shimizu 2002) . Although it is meaningful in some cases to divide food crops into two groups, this does not sufficiently reflect rice growing habits in Asia. As mentioned by Bito as well, we have useful experience on this topic in Japan and South Korea during the process of economic development (example, Motoki 1997) . Although the example of Japan does not always apply, a comparison with Japan is not meaningless.
The second point is the general assumption that a change in the consumption structure caused by industrialization and urbanization will lead to agricultural changes in rural areas.2 However, in the case of China-excluding west ern China-we should bear in mind regional environmental differences between the north and the south to explain the issue of land use.
The above two points have not been consid ered sufficiently in previous studies.3 This study will pay particular attention to the above two points and examine the transformation of Chinese cereal production during the process of modernization.
In concrete terms, this means focusing on the unshakable position that rice production has historically assumed in China. The following points will be raised: 1) Changes in contrasting traditional char acteristics (agricultural land use) between the North and the South based on regional differences in the natural environment. 2) Changes in the regional pattern of rice growing after the 1980 reforms in North east China. 3) Factors that enhanced or restricted rice growing development. 4) Changes in the role of rice growing in the Northeast and in the whole country.
As for the research method, statistical mate rial will be used for points 1 and 2; while point 3 will be based on a field study and point 4 raise the future significance of rice production under changing land use conditions. North versus South: Changes in the Structure of Grain Production after Economic Reforms
Declining importance of food crops
According to the China Statistical Yearbook, agricultural crops are classified into three cate gories: grain crops (cereals such as rice, wheat, corn, soybeans and tubers); cash crops (oil bearing crops such as peanuts and rapeseed, cotton, fiber crops, sugar crops like sugarcane and beetroot, tobacco, mulberry, tea, fruits); and other crops, including vegetables.
In general we can observe, with changes in land use and economic development, a ten dency away from traditional crops like cereals towards commercial crops. China is no excep tion in this sense. Thus we notice that, since the beginning of reforms in 1978, China's total agri cultural area of crops increased by 51.21 million ha (3.4%), from 1,557.08 million ha to 1,501.05 million ha. However, as far as cereals are con cerned, we can observe a decrease of 145.07 million ha (12%), from 1,205.87 million ha to 1,060.80 million ha. In relation to the total agri cultural crops, food crops decreased from 80.3% to 68.1% (Table 1) . Figure 1 divides food crops into rice, wheat, corn, soybeans, tubers and others, and shows changes in the sowing area in relation to the production volumes. As for the sowing area, cereals like rice, wheat and corn etc. that in 1978 took up the largest surface, decreased rap idly. Other cereals like soybeans and tubers also greatly decreased.
We can notice an in crease in corn production, whereas the total sowing area of rice and wheat show decreasing tendencies.
Between 1978 and 2001, rice de creased by 16% (from 344.21 million ha to 288.12 million ha), wheat shrank by 15% (from 191.83 million ha to 246.64 million ha), but corn grew by 22%.
The production volume greatly increased in the 1990s when compared with the overall pro ductive surface, while it slightly decreased after 2000. This means that the productivity of land for food crops has been greatly improved throughout China during the process of eco nomic reforms.
How then can we explain a recent decrease in food production, especially as far as rice, wheat and corn are concerned? In China food used to be one of the agricultural products whose distribution and price were within government control; by means of con tract purchasing, the government-owned enter prise acquired food. The purchasing price was raised twice between 1994 and 1996 which led to big increases in production. After 1997, how ever, prices fell and contract purchasing was reduced after 1999 so that 1999 was the first year with a readjusted structure.
The number of items with protected prices as well as the production area were greatly reduced (Ikegami 2002) .
The food production environment generally improved in the process of the economic re forms so that food crop production not only increased but was also corrected to eliminate surplus production.
The share of rice, wheat and corn in the food crops changed from 28. 5%, 24.2%, and 16.6% in 1978 to 27.2%, 23.3%, and 22.9% in 2001 ; altogether these three crops in creased from 69.3% to 73.4%. The increase in corn can be explained by the demand of corn for feeding livestock as consumption patterns changed in recent years. Higher demand for corn goes hand in hand with expanded produc tion of cash crops like vegetables and fruits . The area used to produce vegetables and fruits increased about fivefold between 1978 and 2001-160 million ha for vegetables and 90 mil lion ha for fruit trees.
Food crop production and the north/south dis tribution China has traditionally been divided into northern and southern parts with the Qinling Mountain Range and the Huai River as the border: the north consists of the area north of the Yellow River, while the south stretches southward from the Changjiang River. It may be noteworthy that the south-compared with the northern part-has been exposed to foreign influences for much longer (Bishop 1922) . To day's open door policy equally started off in the south with the establishment of special eco nomic zones and areas open to foreign invest ment. When examining how the economic re forms changed traditional land use, we must take into account this division of the country into the northern and southern part.
Two different types of field have traditionally been found in China: ordinary fields for wheat cultivation in the north of the Yellow River and paddy-fields in the south. In his report Land utilization in China Buck (1941) clearly differe ntiates between the following eight areas: spring wheat, winter wheat/millet, winter wheat/kaoliang (coarse grain) in the north; rice/wheat, rice/tea, Sichuan rice, rice with double crops and southwestern rice in the southern part of the country. The difference of a dry, cold north and a warm, humid south is reflected in the utilization of land. In addition, loess soil in the north is another factor influen cing land use.
Millet and kaoliang, as listed in Buck's classi fication, are strongly resistant to drought and have therefore traditionally been grown on land with scant water supply and the danger of dryness. Hu (1962) pointed out that while corn, rice or tubers were gradually being culti vated on a more intensive scale, crop conver sion was not all that easy for millet and kaoli ang as they were being used as feed and fuel and thus assumed very diverse functions. In fact, rice was mainly consumed in the middle and south of China right before the reforms, whereas the area north of the Yellow River and the Huai River was used for other crops such as wheat, cereals (millet), kaoliang, etc. which con stitute daily foods (Sum 1978) . However, the latter drastically decreased after the 1990s (see Figure 1) . Table 2 illustrates how the ratio between the three major crops (rice, wheat and corn) changed between 1985 and 2001 in a north/ south comparison.
It is clear that wheat and corn prevail in the north, while rice is favoured in the south-a tendency that has not been changed despite the reform process but even grown stronger especially in the case of corn in the north.
As far as rice is concerned, its proportion increased in the north from 7 % in 1985 to 13% in 2001, while it decreased in the south from 93% to 86%. Although rice is still clearly prevalent in the south, it is the crop that shows the greatest change among the three cereals.
In the same context, we should pay attention to the varieties of rice planted: Indica type in the south, Japonica type in the north. This may have further implications for the future of Chi nese rice cultivation.
Geographical examination
The tendencies described previously can be found fairly generally on the level of provinces and autonomous regions (Figure 2 ; a, b, and c). As for rice, the decrease in the main rice growing areas such as Jiangxi, Sichuan, Guang dong, Jiangsu, Zhejiang, Hubei, and Fujian provinces is noteworthy.
However, at present there are a few places with unexpectedly small decreases in production volume. The reason for this is thought to be the introduction of a rice variety (Hybrid variety),5 which provides higher yields even without double cropping (Huan and Luo 1996) . In the year 2000, hybrid varieties reached a proportion of 50%, Indica even 70%. Despite all this, production clearly declined in Hubei, Guangdong, Fujian, and Zhejiang provinces.
A typical province like Heilongjiang, which showed higher production volumes, also increased the area of cultivation; further details on this later.
Although in the case of wheat a general de creasing tendency is noticeable, this does not apply to entire provinces or autonomous re gions. Henan and Hubei provinces are exam ples of increased cultivation area and increased production volumes. Except for Shandong Province, where cultivation area decreased without a decrease in production volume, most places show decreasing cultivation area and production volumes. Heilongjiang Province is a typical example of this.
As far as corn is concerned, its cultivation area and production amount increased in most provinces and autonomous regions-a trend particularly remarkable in the north-Jilin, In ner Mongolia, Heilongjiang, Henan, Hubei, Shandong, and Liaoning among other regions. The use of hybrid corn, by the way, reached 90% in these regions.
I wish to pay particular attention to growing food production in the three northeastern prov inces of Heilongjiang, Jilin, and Liaoning, al Rising importance of the Northeast as a food production area Table 3 shows the agricultural status during 1985-2001 in the Northeast district (hereafter abbreviated to 'the Northeast'), compared to the whole country, by index both of the total sown area of farm crops and the sown area of grain crops.
According to this, the Northeast total sown area of farm crops is about 11-12% of the whole of China, and the ratio decreased within 16 years. However, when restricting ourselves only to food crops, we note that the Northeast occupies a 12-15% share of the whole country , even with a slightly increasing tendency . As for the percentage of food (grain) crop to total farm crops by sown area, the Northeast in creased to 84.4% (2001) from 81.9% (1985) , while in the case of the whole country, this percentage decreased from 75.8% (1985) to 68.1% (2001) . We can thus recognize that there is a marked inclination to food crop production in the Northeast in recent years.
Traditionally in the Northeast, crops such as kaoliang, millet, corn, and wheat, except soy bean (which have been exported to the world markets), have been mainly cultivated for rea sons of self-sufficiency in the past (1930s) (Mi nami-Mansyu-Tetudo Kabushikikaisha Sangy obu 1932). This situation continued to exist until the beginning of the 1980s. However, food crop production figures in recent years have not shown their strong traditional levels. Kao liang and millet mostly decreased in the whole country as seen in the first chapter (see Figure  1 , sown area).
In 2001 in the Northeast, the shares of the various crops in relation to sown areas were as follows: 17.4% rice, 3.6% wheat, 39.7% corn, 29.7% beans; production volumes: 28.7% rice, 2.0% wheat, 49.4% corn, 12.1% beans. There fore, we notice a new trend: the growth in the Northeast was mainly due to increased corn and rice production, while wheat continued to decrease. Source: China Statistical Yearbook, 1986 Yearbook, , 1992 Yearbook, , 2002 Furthermore, what should be noticed here is the fact that the relative importance of corn and rice as well as traditional beans has risen not only in the Northeast but in whole country.
Since 2001, the Northeast corn production occupies 26% of the whole country in both of sown area and production quantity. As for the national ranking of corn production (sown area) in the northeastern provinces, Jilin (2,609.5 thousands ha) ranked first with Heilongjiang (2,132.7) and Liaoning (1,566.8) 5th and 6th, respectively.
As for rice, the relative importance of the Northeast is increasing to 9.6% (2,769.4 thou sands ha) of the national total in sown area and to 9.6% (1,722.7 million ton) in production amount. Over a period of 17 years the relative importance of each of these three provinces has also increased.
Especially Heilongjiang, which is located in the northernmost part, is remark able as its national ranking went up to 9th place (in both side of sown area with 1,567 thousands ha and production quantity with 1,016.3 million ton) in 2001.
Development pattern of food production within the Northeast Figure 3 shows the trends in grain cultiva tion area and production amounts, based on an index set in 1985. Although, according to this figure, the cultivation area for the three prov inces of the Northeast was virtually stagnant, the amount of production increased rapidly. Furthermore, we can also notice drastic changes from south to north as far as corn and rice are concerned.
In this case, although the growth of wheat in Liaoning Province is con spicuous, it has not really increased in absolute terms.
Therefore-with this minor exception-we can state that the inclination of food crops has progressed from the south to the north in this area. This means that the trend towards in creased production of corn and rice started in 1985 in Liaoning Province, spread to Jilin in 1991 and finally, with a certain time-lag, to Heilongjiang in 2001. If the rate of the sown area of food crops to the total sown area of the agricultural products as of 2001 is seen, this is 79.8% for Liaoning Province, 85.9% for Jilin, and 85.4% for Heilongjiang.
Although this is not a really noticeable regional difference, it shows that a shift similar to the national trend is taking place within the Northeast.
Looking at the geographical side of the above change, a marked trend of changing local com position can be noticed among the three prov inces of the Northeast in the case of corn and rice ( Figure 4) . As for corn, we do not see a large difference in the relative importance among the three provinces.
However, in the case of rice, Heilongjiang takes up the front place, while Liaoning and Jilin fall behind. As of 2001, crop production in Heilongjiang occu pied over 56.6% of the sown area and repre sented over 59% of the total quantity of pro duction. This means that the frontier of rice growing in Northeast moved northwards.
But to be precise we should also mention new areas in the western part (inland area) as well through the central part from the eastern part of Northeast, as the author (Motoki 2000) pointed out with the example of Jilin Province. Table 1 -1). The southern part of the northeast is therefore a natural environment for rice crops. Under such an environment, rice growing was developed by Koreans who were skillful in cultivation, and was after that en couraged under the Japanese colonial policy (Lee 1932) . The Korean colonization in 'the State of Manchuria' led to irrigation and drain age.
As for the topographical feature of the rice fields, these were mostly on low-lying wetland. In the 1980s however-according to Li and Shi (1988: Figure 13 )-food production areas for mainly rice were limited to the southeastern part of Liaoning Province. Even multiple food production areas consisted of a little rice with corn and bean distributed in limited areas along the eastern edge of the northeastern plain (at the western foot of the Changbai mountain range), across from Liaoning and Jilin to Heilongjiang.
Although that was true until around 1985, this relationship between the south and the north has now greatly altered things.
Figure 5 refers to the local development of rice production in the Northeast and is based on data provided by the city and county. Rice is widely grown (paddy rice production) in the lowlands of Liao River (Liaoning Province), Songhua River (Jilin Province) and Nen and Songhua Rivers (Heilongjiang Province).
With a few exceptions, the neighborhood of Changchun of Jilin Province was regarded as the limit for rice growing in the 1930s (Minami mansyu Tetudo Kabushikikaisha Chihobu No muka 1937: 184). However, we can today see many instances of rice cultivation in the North east beyond this line, further to the north. At the same time, we should bear in mind that rice cultivation also spread from the east to the west. Though the extension of rice growing to the north word means moving to colder areas climatically, and to the west it involved arid land, I want to emphasize that, broadly speak ing, we should think of both dimensions when talking about the development of rice growing today.
From the view point of economic geography, it is a regional differentiation of rice production due to urbanization or industrialization.
The next section will examine how such a phenome non of rice growing has been realized locally.
Field Survey of the Rice Frontier in the Songnen Plain
Research area
Although the Sanjiang plain, located in the lower reaches of Songhua River, can be re garded as the frontier of rice growing in the Northeast, field research was carried out for the so-called Songnen Plain6 extending from the northwest of Jilin Province to the center of Heilongjiang Province, because of typical char acteristics of a rice frontier to be expected in an inland area.
Two representative examples are investi gated: cold districts with wetland and alkaline soil areas with wetland ( Figure 6 ).
The first example refers to the cities of Shui hua and Hailun located in the central part of Heilongjiang Province, to the western foot of the Small Xinganling mountain range and to the north of the provincial capital, Harbin. Ac cording to facts given by the local government office, total paddy field acreage for rice in both cities extends to an area of 600,000-700,000mu
(about 40,000 to 46,666ha), and ranks among the first three in Heilongjiang, after wuchang with 700,000-800,000mu (46,666-53,333ha ) and Sanjiang plain with 800,000-900,000mu (53,333-60,000ha ).
This district is also one of the 50 food bases which have been nominated by the national government since 1983.
The second example is Da'an City and Qian guo County nearby, in the northwestern part of Jilin Province where the Nen River joins the Songhua River. Both areas lie within the fron tier of rice growing in the same province, al though rice growing within Jilin province is still of minor importance. Geographically speaking, Suihua City and Hailun City are lo cated north of Qianguo County and Da'an. The former is blessed with a good agricultural cli mate, while the latter suffers from semi-arid conditions and is also in the center of an alkali soil zone.
Therefore, the rice growing frontier expands toward the semi-arid and low swamp region developed on both sides of the Nen River (left bank in Heilongjiang Province, right bank in Jilin Province), from the wavy plain at the west ern foot of the Small Xinganling Mountains on the Heilongjiang side.
Some aspects of the rice growing region Paddy field construction and rice cultiva tion in cold climate (Hailun City) Hailun City, located in the northeasternmost end of the granted: land-use rights for 50 years and prefer ential tax-rates for farmers reclaiming land (Imai 1998) . What greatly influenced the development of rice fields in this area, was Japanese rice grow ing technology, especially the introduction of the "Hatanae method" which is a method of nursing rice on a dry seedbed. This experiment was carried out by Mr. Hara Shoichi who came to this city (Dongtai-cun) after his retirement in 1982; he came from the Hokkaido National Ag ricultural Experimental Station in Japan and began technical instruction.
The paddy field areas of Hailun City in those days amounted to 0.7% of all arable land and extended over 1,780 ha; it yielded 210kg per 10 ares (brown rice) according to Hara (1999) . But this yield turned into about 470kg/10a in 1998, while paddy fields occupied about 1/4 of all arable land. The city thus became self-supporting in rice. He described this effect as follows: "When I visited the place in 1982 wheat was the staple food in Heilongjiang. Even if because of a lack of rain, production decreased, wheat was still ordered to be planted. But then I noticed during a visit in 1998 that the staple food had changed to rice in Heilongjiang, the dependence on wheat de creased, and corn for export to Japan increased" (Hara 1999: 9) . The following fact may open up new possi bilities for future rice crop farming: we ob served at the Agro-ecological Experiment Sta tion of the Chinese Academy of Sciences in Hailun new trends when examining dry fields (Photo 1) and we found a Japanese variety of high quality rice since 2000. A paddy field was built in the area using groundwater (80 m), and the Hoshinoyume variety was introduced from Hokkaido, Japan.
Let's now look at the present conditions of rice growing at Dongtai village where Mr. Hara started the introduction of rice growing tech nology. This is what Mr. Cui Zhong-yi (56) and Mrs. Cui Yong-zhu (51) say: although this vil lage consists of 135 households (700 persons), 85% of the residents are Koreans. The arable land area is 4,500 mu (300 ha), with around 6 mu (0.4a) managed per person. The Han fami lies resided in the hilly part, whereas Koreans lived in the lowlands in 1910 (Photo 2). This is how the exploitation of the surroundings started. Although paddy-field enlargement has been seen in part since 1940, drainage and spade-work were difficult and did not develop much, so that about 90% of the lowland was left as a pond or a grass-area. Paddy-field devel opment started after Mr. Hara's visit in 1983 when he gave technical instruction on rice crop farming. In this village, paddy fields of 300 or more mu were already in existence, and more recently the Han tribe also acquired paddy fields in lowlands. There is now no more room for developing new paddy fields. Although eight rice planting machines were introduced at the beginning, there is sufficient labor force in the villages, and since the production costs soared while rice prices fell in recent years, another two sets are now needed.
The As living conditions for farmers have im proved in this village, telephone and television were virtually non-existent during a visit to Dongtai-cun (Village) 15 years ago but nowa days color TV is quite common. About 40% of the colony consists of new buildings (which may cost anything between RMB 5 to 7 mil lion), and two-story buildings can also be found. However, the improvement in living conditions cannot really be regarded as the result of rice crop development. In fact, 70 or more persons in these villages are receiving contributions from emigrants to other economic zones in China, or to foreign countries like Korea, Japan, Singapore, Spain, Russia, etc.
Also, the average size of families, which used to be about seven persons, is now decreasing to 3 or 4 persons.
Although under the Chinese one-child policy, Korean families here can have two children, they usually have just one child. The main reason are higher school-fees. As a result, although there were 150 school children 20 years ago, the size of the school has now shrunk to just 12 pupils. We can therefore also anticipate a problem of a labor shortage in the future, which will also affect the rice cultiva tion. Although farms managing 100mu (6.7ha) of the rice have appeared, they are still rare. Mechanization and the improvement of the land infrastructure will greatly influence the future of rice crops.
Rice farming leading to high quality rice in Suihua City Suihua City is located on the eastern border of the Songnen plain, which has an area of 2,743km2 and a population of 801,000 people. People's commune, it has now expanded to 5,000ha. In the case of Ronhua cun (village) in Shuanghe-zhen, all 400 house holds are carrying out rice paddy cultivation. This village was typical for this area: a newly constructed storehouse, a splendid building for rice seeds, a deep drainage canal, square paddy fields with ears rising upwards due to dryness, traditional roads in need of repair.
In such landscapes, the spectacle of husband and wife engaging in mowing was quite impres sive. Mr. Wang, 51 years old, is a farmer who manages paddy fields of 44mu (2.9ha) together with his wife, daughter and her husband. He is a so-called 'rice monoculture farmer' who con verted dry fields after the demolition of the People's commune. The type of rice cultivated is mainly non-glutinous rice, while only about ten percent of the growing area is devoted to glutinous rice, which is more expensive. For reference, his family's present everyday diet has greatly changed from wheat and millet in the past to three daily portions of rice.
With natural irrigation a crop production of 400-500kg/10a can be achieved. This is dou ble the result of the time of community produc tion when 200-250kg/1a
were harvested. The income is roughly RMB 4,000-5,000yuan per 10a while around RMB 2,000yuan are used for production cost, such as agricultural chemi cals, chemical fertilizer, seeds, main wages, etc. While-thanks to water-saving technology the cost of water decreased, the price of chemi cal fertilizer increased suddenly.
It is noteworthy within the city that the vari ous stages of paddy field improvement led to higher productivity or better rice quality. Photo 3 shows the signboard at Qinjia-zhen which explains the method used by the Agricul According to what we heard from the Agricultural Institute of the City, the annual income amounts to about RMB 10,000yuan per farm now. While about RMB 2,000-2,700 yuan of this income is derived from rice crop sales (agricultural income), the reve nue from non-agricultural sources is about five to six times as much. To sustain the cultivation of rice, a relatively high price is necessary. But recently-since 1997-prices have tended to fall. Although rice was worth RMB 1.2yuan per 500g in 1996, the free market now only offers about half that price, between RMB 0.5-0 .7 yuan. Whereas the national purchase price changed little, it also started falling in 1996 from RMB 0.6 to 0.57yuan.
Under these conditions, the farmers have changed to higher management crops, or other wise work away from home as rice cultivation oses its profitability.
Subsequently the overall population seems to have shrunk on quite a large scale through emigration . Although in creased mechanization could be used to make up for labor shortage, the fact that most of the emigrants are younger people makes this rather difficult. Moreover, since ground maintenance has not been completed, heavy machinery is not suitable for peat bogs as it starts sinking . If mechanization is to be further introduced , na tional or provincial assistance is indispensable.
Paddy field improvement and development by flood control or the use of water from Nen river in Qianguo County Qianguo county be longs to Jilin Province and is located in the southwest near the convergence of the Songhua and the Nen Rivers.
This county stretches over a total area of 7,076km2 and has a total population of 536,000 with 19 tribes such as Mongol, Han, Hui, Korean, and Shibo. It begins on the outskirts, and many small ponds or lakes are located in the area. This is where Chagan Lake is, which is one of the ten major freshwater lakes in China.
Although the climate is dry in this area, we find a vast wetland mainly formed by the floo ding of the Nen River with plenty of fresh water. We can expect vast rice zones here if the real river can be maintained and water sup ply works have been carried out.
As an example we can look at Tafuchang whose construction began in 1987 and was completed in June, 1997. A total investment of RMB 6,958,000yuan had been made for by the city and the provincial financial office, and 60,000 workers were hired. As a result, a total irrigation area for paddy fields of 31,300mu (2,087ha) was created (Photo 4). Moreover, the low productivity paddy fields of 20,000mu (1,333ha) were improved by an investment of RMB 5,490,000 between August, 1999 and May, 2000. At the time of investigation, repair-work at the river-bank after the flooding in 1998 had made good progress, and there were signs of a new irrigation water supply construction in the area at the passage from Jilin to Heilongjiang. We could also see the agricultural comprehen sive development project at a national level which started on July 25,2000 and was com pleted on October 30,2000. This project con sists of the construction of a dam for flood Construction of paddy-fields in the alkaline soil zone: Da'an City Da'an City, which is situ ated in the northwestern part of Jilin Province and the centre of Songnen plain, boasts a popu lation of about 420,000 people made up of eight tribes such as Han, Man, Hui, and Koreans. The region gets little precipitation with about 400 mm per year (except 700 mm in 1998) so that drought poses a problem. The land is generally flat (120-170 m above sea-level) with many small lakes and ponds. Alkaline soil is predomi nant: the alkali area occupies 59% (2,880km2) of the total surface of Da'an City (4,913km2).
Although there are some rivers such as the Nen, Erhe or Huolinhe Rivers, these were not used for irrigation of farmland.
The area is generally characterized by grassy or unused places land that could be widely developed. Land productivity was very low until 1990. Under these circumstances, paddy rice culti vation was first initiated at Shagan-zhen in 1989 by the Changchun Geographical Research Institute of the Chinese Academy of Sciences which set up a test site: paddy rice was planted and more and more paddy fields were set up in various places. At present 100,000mu (6,666 ha) are covered by paddy fields and a future increase to 210,000mu (14,000ha) is expected.
According to an explanation by the Agricul tural Office of Da'an City, the irrigation re sources for the present paddy fields are split up in the following proportion: Erhe River 7 parts, Nen River 2 parts, and groundwater 1 part. Although the water supply development of Nen River is not crucial here, it is expected to be come more important in the future.
According to the material in the Da'an agri culture technological model district where the above-mentioned Changchun Geography Insti tute is located, factors that prevent agricultural development in this region are damage caused by drought, flood, and alkalization.
Here com prehensive water improvement measures were taken: extraction of salt from damp alkali soil to prevent the alkalization of rice; measures to prevent floods; the improvement of sandy and dry land with water-saving irrigation technol ogy; or the use of ponds for further cultivation. This led to the creation of an area of 30,000mu (2,000ha) for experimental purposes, 150,000 mu (10,000ha) became the model area and vari ous technologies were used over an area of 1,420,000mu (about 95,000ha).
Although an average of 25% of the produc tion increase target is used to improve the ac tual paddy rice production in alkali soil, the accumulated result over four years reaches 2,700kg and the total production amounts to RMB 35,100,000yuan.
Rice cultivation in alkali ground has made an important contribution to the life of the farm village and its economy.
The following example case was observed: The farmers who developed paddy fields are doing so under a contract of 2 ha per household of four persons (Photo 5 Factors that promote and restrain rice culti vation Against the background of today's rice pro duction in the Northeast, we can find several new factors that promoted this development. But there are also a few factors that restrained further development.
As rice production has now become a major axis of change as far as the use of land is concerned, I would like to elabo rate on factors that promote or restrict progress (Table 4) .
What first attracted most attention as a pro motional factor is the fact that rice crop tech nology could spread in a colder region. Huang and Luo (1996) attribute 96% of this to techni Table 4 . Some major factors influencing the rice culture in Songnen plain cal progress and it seems that technical pro gress during a period of reform from 1984 to 1992 contributed, indeed, to the increase in pro duction. It should further be added that the technology begun by Mr. Hara-namely the method of raising seedlings in dry fields-was established in the colder districts of Japan and was also a very positive contribution. More over, we may assume that, in future, the tech nology of rice crop development in alkaline soil will further spread in the Northeast. Table 5 illustrates how the Northeast still lags somewhat behind in the use of alkaline farmland but also points at the hidden possibili ties of rice production in that area (Photo 6). Furthermore, we cannot say with certainty whether the development of rice crop in recent years is simply the result of improved technol ogy, or whether factors such as the general warming of the climate also contributed to this success (Fang and Sheng 2000) . In addition to socio-economic factors, the role of the price policy plays may be even more important than the production responsibility system (privatiza tion). Together with the efforts for self-support in food, rice has also raised the awareness for reorganized management as people become concerned about groundwater development and the condition of rivers.
Much of the western marshy grassland in the inland region of the Northeast which is fed by flood waters of some rivers, has served as the historical grassland of the minority herders for grazing cattle, sheep, horses, etc..The green manure cropping system here has been general ized as an indigenous land use system. But after the implementation of reforms these his torical land use systems were replaced with cash crops, which led to a rapid decline in the overall soil quality. As a result, crop rotation was simply abandoned throughout Heilongji ang in favour of monoculture, with the choice of crop (especially corn) depending on short term profitability (Muldavin 1997) . This phe nomenon of resource degradation can be widely found in marginal areas in China but fortu nately few problems have arisen in this respect in the case of paddy-fields.
Factors restraining rice crops exist inside and outside agriculture. My report on Jilin province (Motoki 2000) also raised this point, but I would simply like to mention factors such as urbaniza tion, increased road maintenance, and trading of high value crops with greater profitability, which all restrict further rice cultivation and contribute to the localization of rice crops. We must equally bear in mind that water shortage is a major limiting factor in regions such as the southern part of the Northeast where water is transferred from the agricultural sector to the industrial base (Dazhong and David 1992) .
Yet in the whole of the Northeast, the most unknown factor may well be the market price of rice in the future. And this has been men tioned as a central issue in the case of rice cultivation in Heilongjiang, which recently ex perienced a drop in rice production (Murata 2000 ). Murata's investigation has also made clear that future labor shortage may be a mat ter of concern as well. There is a marked out flow of workers from a village mentioned with a strong Korean population (for example, see Zheng 1999) . Although it may be argued that large-scale rice crop management can overcome these difficulties, mechanization and problems of land maintenance still have not been solved.
Conclusion
There is a tendency of allocating less land to agriculture and thus food crops in China, which has become quite obvious in the process of the past 20 years of economic reforms. But this is not an even trend throughout the whole coun try. As for northern China, its importance as a food production area is rising. Although the fundamental land use situation in China (wheat in the north, rice in the south) is still intact, priorities in food production in the north and the south are shifting. Moreover, the spread of rice cultivation to the north becomes apparent, while the south-a historically important rice growing region-is showing signs of decreasing rice-farming, a point this paper paid much at tention to. Due to the rice growing develop ment in northern China, especially in the North east, rice consumption there grew in favour of traditional food crops. Cash crop development in dry fields was encouraged, and there are possibilities of export to foreign markets.
Apart from the rice growing development in the Northeast, we have to consider technologi cal developments in land productivity. Labor productivity due to mechanization will be an other important topic. When comparing with trends in Japan, South Korea, Taiwan, etc., rice growing in China will mostly benefit from managerial reorganization.
As the economic reforms enforced land use changes caused by industrialization and urbanization, we can as sume that the major future changes will be made on the managerial and technical side.
In addition to this, the areal differentiation phenomenon (especially the expansion north wards) of the so-called Japonica type of rice in China assumes a different meaning from what Japan experienced with the Japonica type in the past. Although Indica rice was predomi nantly planted in China, Japonica rice has led to new developments in rice planting areas. From the supply side, rice consumption not only in creased in the Northeast, but also plays an im portant role in the rest of northern China, espe cially in large cities such as Beijing and Tianjin. This is because Japonica rice used to be the prevalent variety in this area before recent, in dustrialization and urbanization caused rice cultivation to diminish.7
After a possible conversion from Indica to Japonica in areas where rice consumption is dominant (in the lower regions of the Changji ang River), Japonica may lead to rice cultiva tion of superior quality in the Northeast. The rapid development of rice growing in the Northeast after the reforms as outlined in this paper, not only contributed to geographical differentiation but may also exert its influence on rice cultivation in the south, or in other words, it presents a hypothetical challenge from the north to the south. Furthermore, the recently grown high quality Japonica rice has the possibility of being exported to neighbour ing countries such as Japan, Korea and Taiwan.
Of course this does not necessarily have to happen in the future. China will not resort to a high price policy as was done in Japan and South Korea, and since China joined the WTO it will have to restrict the domestic protection policy of the rice price. At any rate, it will be very important to see what policy the Chinese government will follow in the rice issue as it can have large repercussions on the area, not only on a domestic scale but also internation ally. As Brown also says it will be a decision on ' Who Will Feed China?' Acknowledgments A part of this paper was presented at the spring meeting of the Tohoku Geography Association in 2001. As far as the field survey for this research is concerned, I am greatly indebted to Dr. Zhang Bai from the Changchun Geography Research Institute of the Chinese Academy of Sciences as well as to a number of staff of this institute. I also benefited from the help of governmental agencies at every place, from experimental research institutes, and from many farmers. My special gratitude goes to Professor Yukio Himiyama of the Hokkaido University of Edu cation who conducted the survey from beginning to end. I also wish to thank Dr. Kuninori Otsubo as the representative of the LU/GEC project.
( lished by a Chinese scientist, Yuan Long-ping, in 1976. He mentions the advantages and dis advantages as follows: "In the past we had great food shortages, so this is a good change. But now we have overproduction, rice is stored all over the place, and we're changing our strat egy to keep the yield high but improve the quality. Too bad the government won't give us as much research money as before" (White 1994) . Road and bridge maintenance work was car ried out and commercialization touched the farm villages in every place of this investiga tion. Signs advertising agricultural projects or model areas were widely encountered.
There was, for example, a sign for a model site for irrigation and water-saving, a model site for corn cultivation, for agricultural self sufficiency, for water supply items, improve ment of low-productivity land, onion produc tion bases, a model site for a high-productivity paddy field, for the market of agricultural prod ucts, the wholesale market, a model site for national corn seed, melon production base, etc. 7.According to the recent report (Brown et al. 2000: 71) , underground water in the North China Plain-an important cereal production area-declines by about 1.1-1.5 m year by year, but demand for water is on the increase. In order to respond to this difficult situation, China may have to give up irrigation agricul ture, change to crops which can be grown with comparatively little water, or improve irriga tion efficiency. All this will have a big influ ence on future cereal production in China.
